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ABSTRACT

Two working documen®s for Office of C.vil Defens¢ use in
producing gulidance materials were prepared. They represent
proposed approaches to guidance and evaluation documents for use

in developing community shelter systems.




SUMMARY

Purgose

The primary purpose of this study was to develop an evaluation
instrument which coulid be used to assess the operational capabilities of
community fallout snelter systems, A secondary purpose was to translate
the basic datea used in czonstructing the evaluation instrument into guidance

material useful to local civil defense planners.

Aggroach

Information on the characteristics of commr~ity shelter systems was
derived through literature review, interviews with knowledgeable clvil
defense officials, and the systematic consideration of the gross tesks
involved in system development, maintenance, and operation. From these
basic data, 487 characteristics (hereafter referred to as plan factors)
were written up as separate items in an evaluation instrument. An estimate
of the importance of each plan factor was made by a group of thirteen raters.
These judgments served as the basis for developing item weights. The item
weights were subsequently incorporated into a scoring method for the
instrument. The evaluation instrument was then applied to two sets of

plans for community shelter systems.

The guidance material for locasl civil defense planners was prepared
in workbook form. A brief discussion of eaci plan ractor was written for
each plen factor. Accompanying each such discussion was a "decision"
statement parapinrasing the essential aspects of the factor as they would
&pply to a shelter system. Also, space was left for including couments
regarding specific shelters within a system.

Results

1. The evaluation instrumenrt which was developed proved
capable of assessing the strong and weak points of plans

for community shelter systems,

i




2. No particular difficulties were encountered in applying
the instrument, or scoring the results of the evaluations.

3. No system characteristics appeared in the planning docu-
ments which were not adequately covered by plan factors in
the instrument,

L., The guidance material document which was prepared presents
an integrated source of information applicable to the

development of a community shelter syster.
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A GENERAL OVER-VIEW OF THE STUDY

Background

Positive action toward a dynsmic national shelter cepability is now
being taken by the Federal government in the form of the National Fallout
Shelter Marking and Stocking program. In addition, a few communities
throughout the country have considered how a nuclear attack would affect
them, and to varying degrees they have initiated planning activities
oriented towards their own protective needs, It is expected that as more
shelter space is designated (or developed) and stocked during the course
of the marking and stocking program, more communities will begin to plan

Intensively and to act to provide protection from nuclear attack for their
entire populations.

Whether & community elects to designate and modify existing buildings
as shelters, or to construct shelters, there must be a well-coordinated and
controlled system of sheltere capable of protecting and sustaining the
entire population of the community. For the purposes of this study, the
objective of such & system may be stated as follows: "The purpose of a
community shelter program is to protect the people of that community b7
preserving their respective capacities to a degree which will enable them
to survive an enemy attack and return to near normal capacity for produc-
tivity in the shortest possible time." The effectiveness of a community
shelter system in accomplishing this objective will depend to a great extent
upon how well it can fun:ztion ss a system.

The term system, as used in this study, is analogous to its use in
reference to e weapon system. Developing, operating, and maintaining a
system involvea very similar steps regardless of the nature of that system.
For example:

1. System objectives must be determined.

2. Plans must be formulated for the achievement of these

objectives.

3. There must be a developmental period.

L. The operationai capabilities of the system must be evaluated

to insure that it can, in fact, accomplish its objectives.
5. Once a system i3 operational, logistic, maiitenance and manage-

ment requirements must be met throughout the life of the syatem,




The system apprcach to developing 8 community shelter program is the
concept on wbhich work on this project is tesed. All research products cf
the project are aimed at enhancing the cperationsl capability of community
fallout shelter systems,

Purpose

The primary purpose of this study has been to develop an evaluation
instrument which could bte used to assess the operational capability of
community fallout shelter systems. A secondary purpose has been to bring
together, under one cover, information regarding the characteristics of an
effective shelter system. This information is presented in a form which
local civil defense personnel may conveniently follow when developing their
Plans,

It was originally planned thet a central purpose of this study would
be to utilize the evaluation instrument to be devel.ped to appraise several
representative community plans for using community shelter facilities
develcped to date under the national shelter program, including the
Govermment -sponsored prototype shelter construction program. However, it
became apparent very early in the contract period that civil defens. plan-
ning and shelter construction at the community level were unot sufficiently
developed to permit full-scale evaluations. Where prototype shelters were
under construection, no comprehensive plans for their use or integration
into a community shelter system were available. Conversely, a few commu-
nities had accomplished some preliminary planning toward a community shelter
system but had no actual shelter facilities.

In view of the situaticn, a shift in emphasis and consequent
realigrment of the contemplated research was suggested and subsequently
approved. This revised plan called for (1) development of a more refined
evaluation instrument having broader scope and longer usefulness than
contemplated for the {instrument conceived initially, and (2) preparatiocn
of an additional document to consist of information gathered during the
development of the evaluaticn instrument and to be packaged in such a way

as to have instructional value for lccal civil delense planners.
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Research Products

Evaluation Instrument. The completed Evaluation Instrument contained

L8T separate plan factor items. Each plan factor represented & character-
istic or aspect of a community shelter system., Plan factor items were
organized into 33 subject-matter categories within the Evaluation Instru-
ment. This grouping of plan factors by subject-matter categor.es (and in
some cases subcategories) served to provide a classification syctem whereby
the user could readily locate a particular plan factor. It also provided
a basis for summarizing the results of an evaluation in terms of major
system functions such as Shelter Management and Radiological Defense.

In using the Evaluation Instrument, the evaluator must determine
whether or not each plan factor has been, or will be, provided for in
planning and developing the shelter system. For each plan factor, an all
or none decision thus must be made. Although it would be desirabie to
obtain a more precise rating for each plan factor in accordance with the
degree of adequacy reached in the plan being evaluated, little or nc objec-
tive data are available at this time for use in making such precise discrim-
inations, However, when data are available tc indicate the minimal degree
of adequacy in planning required to give credit for the item, such data are
identified under the plan factor in the Evaluation Instrument; there data
are latelled "STANDARD" in each instance, to show that the data will assist
the evaluator in maeking the required yes or no decision.

A scoring method was develcped for the Evaluatior Instrument which
would provide quantitative estimates of the operational capabilities of the
shelter systems evaluated, For each plan factor item, the Evalustion
Instrument shows the weighted score assigned to the item; this score corre-
sponds with the judged importance of the item to system effectiveness, as
determined by a group of judges,

The Evaluation Instrument i{s intended as an aid to Office of Civil
Defense personnel and state (D plannars with the responsibility for assess-
ing the operatinnal capability of community fallout shelter systems. The
instrument is designed to be applicable in evaluating systems which vary
2cross 8 wide range n parumeters, such as community size and shelter types.
It can also be used to evaluate shelter systems ir. all stages of develop-

ment from a completely “paper” system to one which i{s fully operational.




Guidance Material. In addition to the Evaluetion Instrument, A Work-
book For Use by Local Civil Defense Officials was developed. The workbook
utilizes all the basic plar factor information that weut into the prepara-

tion of the Evaluation Instrument, presentirg it in an expanded form amenable
to its use as guidance material in the development of community shelter
systems.

The guidance material, as presented, is expected to make several
important coutributions., First, it provides under one cover a condensed
and readable listing of th~ multitude of specific factors which must be con-
sidered when developing a community shelter system. Second, the material
1s presented in such a way that if directions for using it are followed,
most of the basic decisions necessary in the development of & shelter system
will have been made. And third, guidance in shelter system development is
frovided in "extra-shelter" areas which have received little attention in
the past.

Suggestions for Future Research

The Evaluation Instrument developed during the course of this study
is capable of assessing the shelter system planning efforts which have
been carried out to date and those which can be expected for some time to
come, The guidance material prepared during the study is direccted at ful-
fi1lling a perceived need for an integrated presentation of the basic date
needed to plan & community she!ter system. They represent initial efforts
ir both these areas,

As the results of current and future research on specific aspects of
civil deferise become available, they should be incorporated into revisions
of the guldance material and the evaluation instrument to enhance their
usefulness. Suggestions regarding how this might be sccomplished on an
interim basis may be found in Appendix C.

Several additional areas of guidance and evaluation should also be
rescarched. Among these sre the specific efforts listed bel~w. They are
discussed in g:reater detail in the ruture - esearch section of this report.

1. More definitive levels of adequacy should be determined

for plan factors,
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The effeets of plan factor interactions should be deter-
mined and a means of evaluating such interactions developed
and incorporated into the total shelter syetem evaluation
schame.

An intensive study should be conducted to identify the
eritical aspects of "extra-shelter'" functions of the
shelter systems, such as post-shelter nlanning.

Present and future research such as suggested in 3 above
should be incorporated into a comprehensive guidance
"package" which would outline in detail the ccusecutive

steps required to develop & vommunity shelter system.




EVALUATION INSTRUMENT

Develogmqgg

This section of the report describes, in turn, the series of steps
taken in the total process of developing the evaluation instrument. For
convenience, each major step in the process is given an indented sub-heading.

Identification and Organization of Plan Factors. The first step in

the development of the Eveluation Instrument was to identify those factors
which are characteristics of an effective shelter system. Durirg the
initial phases of this task, three general guidelines were evolved to give
direction to the effort.

First, a generally stated objective for community shelter sysiems
was prepared. It read as follows: "The purpose of a community shelter
prograx is to protect the people of that community by preserving their
respective capacities to a degree which will enable them to survive an
enemy attack and return to near normal capacity for productivity in the
shortest possible time." From this standpoint, not only specific sheltering
functions but also most life-support functions a community normally provides
for its people, excluding obvious luxuries, were candidates for plan factors.

Second, an outline of subject-matter categories and subcategories
was prepared to s ructure the search for relevant plan factors and to help
classify the factors as they were identified. New categories were added,
and rewording c¢f the original categories was carried out as necessary
throughout iz pgrocess of identifying plan factors. This organizational
superstructure for the plan factor data also helped insure a complete and
balanced coverage of all aspe.ts of community shelter systems.

Third, in identifying ond writing up the plan factors, each factor
vag made as independent of other factcrs as possible, When subject-matter
overlap occurred, appropriate instructicns for coping with its effects
were included in the Evaluation Instrument,

Within the framework of '.nese general guidelines, plan factor data
were collected by the following means:

1. Searchi . the ii.erature on civil defense and rrlated areas.

This method 7 collecting plan factor data was continued

until review of additional documents contributed no new plan
factors.




N

Reviewing available local civil defens= planning documents,

w

Discussing plans and planning efforts with civil defense
officials with special emphasis on plan factors., Regional,
state, and local civil defense officials In California were
contacted regarding any shelter system plannirg and develop-
ment actirities being undertaken. Several additiorel plan-
ning documents pertaining to ccumunity shelter systems were
obtained through these contacts.

L. Systematically considering the various aspects of a community

ehelter system and anticipating the need for plan factors.
This approach to identifying plan factors involved the use
of a very gross system analysis procedure. Each aspect of
a cormunity shelter system was -onsidered in terms of
activities or gross tasks necessary to accowplish it. In
this wey obvious deficiencies in plan factor coverage were
spotted and corrected.

When no new plan factors were identified as additional documents
were searched, emphasis was shifted to editing the plan factcr data which
had been collected. Each plan factor wis reviewed to correct for: (a)
redurdancy among items, (b) pertial subject-matter overlap among items,
(c) errors in subject-uatter classification, (d) lack of clarity and cor-
ciseness, (e) too coarse a categorization, and (f) failure to provide s
basis for evaluation.

This editing of items was completed before the items were submitted
to judges for the purpose of developing 8 criticality rating Ior each item.

Compilation of Standards Information, Coencurrent with identifying

plan fectors, data werz collected which could be used as standards against
which the evaluator could judge the provisions made for the plan factors
by the community whcse shelter system was being evaluated,

It has already uveen shown why all-or-none estimates of the provisions
made for plan factors are necessary during an evaluation. In addition,
little CD literuturv, experimental or otherwise, was available to help set
standards f.r giving sll-or-none credit for each item. Kowever, a tryout
of the evaluation instrument subsequently developed indicated that the
evaluation of vrovisions for plan factors on a prescnt-abgent basis vas

feasible until sdditional research yields more complete standaras data,




In light of the type of standards informstion available and the
fact that a dichotomous (present-asbsent) evaluation of each plan factor was
practicable, standards for the plan factors were handled as follows:

a) When the standard was subjective in nature, the plan factor

was written to include the standard. ObJective or quenti-
tative stendards data which could be expressed in a short
phrase were also incorporated into the appropriate plan
factors.

b) Where quantitative standards infoermation was available but
not amenable to inclusion in the plan factor statement, it
was presented below the factor to which it pertained and
identified as a standard.

Format. Basic decisions regarding the format of the Evaluation
Instrument were made early in its development. When it became evident
that approximately 500 separate plan factors would be needed in e compre-
hensive instrument, & checklist type format was deemed the most feasible
way of presenting the data. The subject-matter groupings (categories) of
plan factors utilized during the process of identifying plan factors were
maintained as 3 means of organizing the factors within the Evaluation
Instrument. When appropriate, subcategories were also identified to enhance
the usability of the insi:rument.

Plan factor categories are not specifically arranged according to
any definsble phases of a national emergency such as pre-attack, attack,
post-attack, recovery. The primary reason for this is that the specific
plan facvors under each category describe activivies which should be accom-
plished i the deveslopment and maintenance of a shelter sysiem long before
ar. emergency exists. However, some factors, although having a common
subject-matter background, are pertinent either to "pre-emergency” phases
of shelter system development, or to actual shelter operation, but not to
both. 1In these cases, two categories are used, and supplemcutary labels
of 'pre-emergency” and "in-shelter' are ajpplied. FExamples of thls situation
are Shelter Management and Post-Shelter Planning.

n complete list of all categories used {n the Tvaluatica Instrument
{s provided below, Definitions ap such are not prcvided because the

categories are operationally defined by the factors they conteir.




GENERAL WATER

OPERATIONAL PLAN FOOD
PLAN/COMMUNITY COMPATIBILITY SLEEP

POPULATION INDOCTRINATION AND TRAINING  SANITATION

SHELTER AS3SIGNMENTS MEDICAL

SHELTER MANAGEMENT (Pre-Emergency) SPACE-VOLUME REQUIREMENTS

SHELTER STOCKING LIGHTING

SHELTER DESIGN POWER SUPPLY

SHELTER UTILIZATION PLAN CONTINGENCY PLANNING

PERIODIC MAINTENANCE COMMUNICATION

POST -SHELTER PLANNING (Pre-Emergency) CONTROL

COORDINATION MAINTENANCE

WARNING SYSTEM NOISE

INGRESS TRAINING

RADIOLOGICAL DESENSE RECKEATION AND RELIGIOU3 ACTIVITIES
SHELTER MANAGEMENT (In-Shelter) POST-SHELTER PLANNING {(In-Shelter)

ATMOSPHERE CONTROL

In keeping with the checklist formet of the Evaluation Instrument,
individual plan factor items ave presented in the form of questions.

Three possible responses are provided for each iten. They are: "not
applicable” if the particular factor does not apply to the system under
evaluation; "yes" if the factor has been provided for; and "no" if it has
not. The symbols N/A and Y are used for "not applicable” and "yee,"
respectively. A number representing the item weight is used to indicate
the "no" resy.nse. The reasons for assigning the {tem weight to & "no"
sesponse rather than to a "yes” response are explained later,

All plan factor items except those at:ictly related to planning
fonct!ns are stated in future tense., This was done to enhence the flex-
ibility of the Zvaluaticn Instrument. By a simple siiift in the verd tense
+f appropriate rlan factors. the instrument can be applied 1o & shelter
system in any stage of devclopment (e.s., preliminary planning, detailed
v advanced plauning, developmental, operational). Then too0, most of the
shelter systems tc be evaluatel for some time to -~ome will be i{n the
planning phases of development, Thus, future tense usage is most appropri-

ste for the present Evaluation Instrument.
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Estimation of Plan ractor Criticality. Several wrthods of obtaining

a quantitative measure of shelier system effectiveness were considered
during the course of the study. BRasic to all was the procedure of rating
each plan factor according to the probable consequence or effect of its
absence from the system.
One apprcach which appeared to have considerable promise early in
the study involved the use of consequence areas as & means of classifying
and ultimately quantifying the effect of not providing for each plan factor.
Examples of consequence areas were death or extreme debilitation, danger
to physical health, and mental or emoticnal strain.
A preliminary set of consequence areas was derived, and an &ttempt
was made to classify the plan factors. Problems which defeated the use of
this avproach were:
a) The fact that the atsence <f meny of the plan factors could
be classified as having several consequeaces.

b) In attempting to refine the consequence areas to be more
specific, the number of consequence areas approached the
number of plan factors.

when initial attempts at specific classification of plan factor
consequences failed, a more general classification schema was derived,
and the approach ultimately used to obtain quantitative measures was
developed. Three major objlectives of the approach were:

1) To provide a quantitative basis for further development

of a scoring method for the Evaluation Instrument.

2) To determine whether plan factor criticality is affected

by tte conditions under which a shelter system operates.

3) 7> obtain information useful in the further screening of

plar factors to be included in the final form of the
Zvaluation Instrument.

Briefly, the steps taken in developing criticallty ratings for the
plan factors were as follows:

1. A total of 493 plan factor items were assembled in a data collec-
tion form. A sample page from the form is shown in Figure 4, srpendix A,
Item format and arrangement i{n the data collection form were nearly ldentical

t: ~hose used (n the final version of the Evaluat'on Instrument,




2. A system objective was furmulated and four levels of criticality
were defined. The system obJective served as a criterion agaiust which the
level of criticality of individual plan factors could be judged. Each of
the four levels of criticality was assigned a weight (3, 2, 1, and 0,
respectively, from most to least critical). The system objective and
criticality levels, along with the inctiuctions ¢tn the raters regarding
their use, are shown in Figure 1, Appendix A.

3. Two "conditions" were desc.ibed under which the criticality
ratings were to be assigned., Condition 1 described an urban community with
a highly developed industrial complex located near prime targets. Condition
2 described a rural community a considerable distance fror pirime targets
and sucject only to fallout. These two conditions were meant to describe
points near opposite ends of a continuum of possible conditions under which
shelter systems would have to operate. Detailed descriptions of the two
conditions are presented in Figures 2 and 3 in Appendix A.

4. A total of thirteen (13) judges rated the criticality of the plan
factors. Six (6) raters performed the rating task under Condition 1, and
seven (7) rated the factors under Condition 2.

5. An anelysis of the rating data was conducted to determine if
significantly different levels of criticality were assigned to the same
plan factors under the two widely differing conditions. A brief summary of
thz results of the analysis will be presented at this time. A more detailed
discussion of the analysis may be found in Appendix B.

As might be expected, rater bias tcowards consistently high or low
ratings was encountered. Tc correct for this, the raw rating scores of
3, 2, 1 and O were converted to standard scoi 3 for each rater. Mean
standaré score ratings and standard deviations were calculated for individ-
ual facters under conditions 1 snd 2. "Student's™ t test comparisons were
rmade on each factcer t) determine if the mean criticality ratings under ths
twe conditions were significantcly different. Neone of tle tfactors were
rated significantly differcnt at the .01 levei under the two conditions.
ag & further check, the raw score patterns of the ratings on cach factor

were -umpared using Fisher's xact Probab{lity Testl. Agalsn, no aignifi-

l. Giegel, Sidney. Nenparametric Statistics For the Behavicral Uelences.
Hew Y rx: MoGraw-HOY1 Bonk Company, Inc., 1996.
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cant differences were found at the .0l level, The exceptions to these
findings were seven items where the instructions to the raters made a
significant difference inevitable.

These findings indicated that plan factos criticality should not be
affected by the conditions urder which shelter systems operate, This meant
that the Evaluation Instrumen’ could be applied to shelter eystems varying
across a wide range of conditions, using a single set of weights for the
plan factor items. The alternative would have been a complicated set of
varying item weights to match varying shelter system conditions.

Since the ratings under conditions 1 and 2 were not significautly
different, a mean standard score rating was calculated for each factor,
using the criticality rating data from all thirteen raters. This provided
the needed quantitative data for development of the scoring method for the
Evaluation Instrument,

Six (6) plan factor items werz deleted from the final form of the
Evaluation Instrument as & result of creceiving & zero (C) rating by all
thirteen raters. By definition, these fastors were contributing nothing to
shelter system effectiveness.

In retrospect, it should be noted that some pre-selection of plan
factors tock place during the plan factor identification phase of the study.
That is, factors of a luxury natcure, or those obvicusly not important, were
excluded from consideration. Even so, a normal distribution of plan factor
criticality was expected and obtained. A frequency distribution of mean
standard score ratings for the plan factors, as shown in Figure 6, Appendix
B, illustrates this. Those items at the lowver eni of the distribution
were reteined in the Evaluation Instrument because it was felt that at this
point in the develiopment of shelter system evaluat.on techniques, errors
of inclusion ratner than exclusion were more prudent. To compensate,
adequate aullowances for differences in relative importance among plan factors
were made in the scoring method.

Scoring method. As a prelude tc the actual development of a scoring

method for the Evaluation Instr.sent, objectives which the ‘oring method
shinld dccomplish were cutlined. These objectives are presented below:
1. Uhelter systems should not be penalized when fa:tors not

applicsble to them are omitted,

-12.




2. The scoring method should provide a numerical translation
of a shelter system's opeiational capability with respect
to each category of plan factors.

3. Plan factors whose importance to the operaticnal capability
of a shelter system was judged to be very high must have a
welght which reflects this importance,

4, Providing for less important plan factors must nct be

allowed to equate for the absence of & highly critical
factor if such absence could lead to system failure,

5. Fallure to provide for factors whose owission could resuvlt in

system failure shouid be penalized heaviiy by the sccring method.
With these objectives in mind, the scoring method.to be discussed was
developed.

To preclude penalizing shelter systems for not providing Por plan
facters invalidated by specific conditions, possible resporses to each plan
factor item include "not applicable.” An N/A or "not applicable" response
to a given plan factor item may be sppropriate for several reasons. The
use of this response choice is discussed in detail later on in Appendix C
when utilization of the pvaluation Instrument is reviewed.

Throughout the development of the Evaluation Instrument, the hasic
structure of the scoring method was under consideration. The choice was
between (a) deriving & single overall score to represent a shelter system's
operational capability, or (b) developing a profile scoring method whereby
the level of operational capability or effectiveness could be presented

by plan factor category. The second method was choser because 1t facilitates

& diagnostic approach tc shelter system evaluation, Emphasis on the dlag-
nostic approach to shelter system appraisal is a salient characteristic of
the Evaluation Instrument.

In the scoring method developed, a score is computed for each plen
factor category. These scores are then displayed graphically on a profile
chart, Presentation of the scores in this manner affords an 2asily inter-
proted {llustration of the strong and weak points of a shelter system. An
example of how the profile chart is used is shown in Figure 8 in Appendix
C.

Two messures were taken tc reflect the importance of highly critical

factors, and to prevent the provision for less important factors from
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obscuring the atsence of a highly critical factor. One, a curvelinear
transformation was used in converting the mean standard score criticality
ratings of the plan factors to item weights. And two, & scoring technique
was developed whereby the plan factor itew weights are subtracted from a
maximum possible score for the pertinent category when plan factors are

not provided for. The combined result is a scoring technique which allows
the drastic effect of failing to provide for very important plan factors to
be reflected numerically without giving undue weight to less important
factors, The shape of the curve described by the transformation chosen to
convert ratings to item weights is shown in Figure 7, Appendix B, A dis-
cussion of the rationale behind the choice of the transformetion accompanies
the tigure. The conversion table which was used %o transform the mean
factor ratings to item weights is shown in Table 1, Appendix B.

The maxinum score possible in each category was arbitrarily set at
100. Those factors assigned a criticalaty rating ot 3 (absence could cause
systeu failure) by 92% or more of the raters were given an item weight of
100. TItems given nearly this high a composite riting received correspond-
ingly high weights (92, 81, 70, etc.) with item weights decreasing rapidly
for lower rated factors (see Table 1, Appendix B). Using the scoring method
developed, the following situations could occur during an evaluation.

If a factor with an item weight of 100 is omitted, the highest
possible score for the category containing that factor is zero (0). The
system has failed regardless of how many other Tactors in the category
have been provided for. If a category contairs several highly critical
factors which have uot been rrovided for, the category would recelve a high
negative score. Although a shelter system can cnly fail once, so to speak,
negative category scores irndi-cate a serious deficiency in the system with
respect to those categories. The larger tre negative score, the more
serious the deficiencies,

Detailed instructions for iwmplementing the scoring methcd are pro-
vided in the Instructicn Mauual which accompanies the Evaluation Instrument.

Frofile ~hart., As previously ctated, the evaluation of a community

shelter system i3 diagnostic in naiure. That {s, an evaluation is conducted
to determine, first, if there sre deficiencies in a shelter system, and
second, where exactly these deficiencies exist. Although {nformation re-

garding system deficiencies is available piecemcal during the ccurce cf an
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evaluation, data of this nature are most meaningful when displayed graph-
ically as an integrated whole, The profile chart developed to com.liment
the scoring methed provides a pilctorial overview of a shelter system's
operational capability, A sample of a completed profile chart is shown in
Figure 8, Appendix C.

A bar graph format was chosen for the profile chart because it
provides the best contrast between . :ll-provided for and deficient cate-
gories., The area assigned to each category is Zdentified by the category
title at the top of the chart. Positive converted scores for each category
are plotted dirsctly on the chart using the 0-100 scale on the side of the

chart. This is not a percentage scale, Kather, it is a unit scale of

arbitrary length determined during the development of the scoring method.
Negative converted scores are given a token shaded area below the zero line
and the actual negative score is entered in the category's area directly
below the shaded portion. Token shaded areas and actual scores are used
to indicate negative converted scores on the chart because of the extreme
variaticn in possible negative scores. Negative converted scores can range
from z:r: to over 700; this range cannot cor eniently be plotted to scale

on a smull page.

Trzout

At this point in the study a complete but untried Evaluation Instru-
mert existed. The tryout consisted of evaluating two shelter plans by use
cf the rfvaluation Inetrument, The fcllowing paragraphs tell why a tryout
phace was needed and how it was carried out. Specific objectives to be
achieved by the tryout are listed. The results of the tryout are discussed
in terms of the degree to which each objective was achieved. Also included
Is a discussion of the der'icient categories common o both of the shelter
system plans used in the tryout.

Purpose. The purpose of this phase of the study was to proof -test
the Evaluation Instrument as developed and make any refinemernts necessary.
Altaough the two available shelter system documents could only by classi-
fied as representing preliminary planning efforts, they were for the most
part Tairly deta!lled in ruture. A satizfactory verification of the Evalu-

aticn Instrument wus deemed possible.
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Approach, The Evaluation Instrument was aprlicd to two sets of
community shelter system planning documents which represented preliminary
plann.ng-stage data. The t~chniques used were¢ exactly as described in the
Instruction Manual which accompanies the Evaluation Instrument.

Specific objectives of the tryout were to:

1. Evaluate plan factor items for clarity and conclseness.

2. Test the facility with which individual items could be
applied to actual plans,

3. Determine the feasibility of the Evaluation Instrument

format.
4. Check the adequacy of coverage of (a) plan factors within
the categories, and (b) the categories themselves.

5. Evaluate the scoring method.

6. Evaluate the usefulness of the instrument in assessing
the orerational capabilities of shelter systems as they
are described in written form,

7. Determine, if possible, whether written system documen-
tation is an adequate basis for an evaluation or whether
site visits may also be required.

Successful achievement of the above ojbectives would produce a
complete and verified Tvalustion Instrument,

Results. 1Individual plan factor items were evaluated for clarity
and conciseness by the thirteen raters during the criticality rating phase
of developing the Eveluation Instrument. Amoiguous or vague statements
brought to light at that time were re-written. A second evaluation of
clarity and conciseness during the tryout served to double-check these
easpects of the plan factor items.

statemc~ts regarding preovisions for individual plan factcrs in the
system documentation were readily identified with the corresvcnding plan
factcr items in the Fvaluation Instrument. The only problems encountered
were In locating the appropriate information in the planning documents.
Further discussion of this situstion is pertin.nt to instrument formst which
is covered next,

Jrganization of the plan factor items {nto subject-matter categories
did much to alleviate the problem of matching plan facter items to state-

ments regarding provisions for them in the system documentation, At the
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present time, the classification of intfurmation and its organization in
documents describing a shelter system are determined by the local shelter
system planners, As long as this sitvation continues, the best organiza-
tional format for an evaluation instrument is one which facilitates the
matching of plan factor items and statements regarding provislons for them,
The subject-matter grouping of pler factor items used in the Evaluation
Instrument does facilitate this matching process. In the long run, com-
munities should be provided an outline of the Evaluation Ianstrument so that
planning documents wculd be more standard in organization.

No individuel plan factors or cetegories of factors were found in
the two ahelter system planning documents evaluated which were not also
included in the Evaluation Instrument. This 1is not to say that the list
of plan factors in the instrument is so extensive that new factors may never
be identified. However, until communities have considerable more guidaunce
in the development of a shelter system than they do at the present time,
the coverage provided by the Evaluation Instrument will be quite adequate.
As more comprehensive guidance becomes available to local shelter system
planners, the Evaluation Instrument should be revised to accurately assess
the more sophisticated planning efforts which can be expected.

The method of responding to individual items provided a satisfactory
means for recording the results of the item-by-item evaluation. Category
total scores were easily determined. The arithmetic of summing item weights
to obtain category totals and the calculation of converted scores for each
category were easily accomplished within the formats provided.

Evaluation of the two sets of shelter system planning documents
verified the instrument's ability to assess preliminary system plarning
efforts and tc clearly differentiate levels of comprehensiveness in such
planning. The sample Operational Capability Profile depicted in Figure 8,
Appendix ©, was prepared using the actual results of the evaluaticn of the
moie detailed of the two system planning documerts. As can Le seen, great
variations in providing for factors in the variocus categ.ories are reflected
by the proftile cuart. Th!s :hecks well with the author's !'mpression of
these variations us he conducted the tryout. Althcugh this particular
shelter system did n-t meke a very guod showing in the evaiuation even
though 1t was the better of the two, it must be remembered thet neither cof

the planning documents was prepared as a final operational plan. They did
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serve thelr purpose, however, in that they were complete encugh to allow

an evaluation to be accomplished, showing the Evaluation Instrument to be

effective in assessing preliminary planning Gocuments. System documentetion

actually submitted to OCD for evaluation will most probably be much more
complete even in the preliminary planning stages.

Due to the type of system docunentation availeble for use during
the tryout, an unqualified recommendation regarding the sufficiency of a
completely "paper" evaluation of a shelter system, as opposed to on-site
visits, cannot be made at this time. A great deal will depend upon how

well all aspects of the community shelter system to be evaluated are docu-

mented. Intuitively, it would seem that if a shelter system were completely

documented, a satisfactory 'paper" evaluation of that system should be
pessible, However, this assumption should be verified as soon as system
documentation and corresponding equipmen® and facilities are available in
an operational community shelter system.

It is also interesting to note the results of the tryocut in lerms
of the deficient categories (those with negative scores) common to both
community shelter systems. In general, they represent thuse areas of civil
defense research and guidance which have received the least attention to

date. The categories are listed below with comments, where appropriate,.

Shelter Management (Pre-Emergency) - particularly deficient with
respect to personnel selection, proof-testing, specific assignment to
shelters, documentation of wanagement guides, and training.

Shelter stocking - Very little, if anything, was mentioned regarding
this. Apparently communities are content to leave this in the hands of the
Federal government under the marking end stocking progran,

P riodic Maintenance - almost completely ignored.

Post-shelter Planning (both Pre-Emergency and In-Cheiter) - These
two categories were completely ignored with the exception of & few comments
regarding immediate arca decontamiration in one of the documents, It
should be re-emphasized, however, that the documents evaluated represenied
such an early stage in shelter system development rhat the uuthors may well

have felt this was lcoking too far ahead.
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Warning System - Neither plan mentioned & civil defense warning
system although both communities probably have them. Perhaps communities
consider their warning systems as independent of the shelter system.

Rediological Defense - Both systems were weak in this category
although each had provided for factors the other had not.

Sanitation - For the most part, the deficlencies were caused by not
providing for several moderately critical factors.

Contingency Planning - As with Sanitation, system failure would be
attributed to failure to provide for moderately critical factors.

Conclusions

The Evaluation Instrument developed under this contract represents
an initial step in the evolution of a technique for assessing shelter
systems. The study has resulted in & first approximation to a comprehensive,
objective, and detailed procedure for msking a quantitative =veluation of
all phases of the development, maintenance, and operation of community
fallout shelter systems,

In its current stage of development, the instrument represents
composite judgments concerning the essential characteristics of shelter
Systems, the relative importance of these characteristics to operational
capability, and the applicability of the instrument as it is. Civil
defense, however, is a dynamic undertaking. In the present instrument,
plan factor coverage, and evaluative techniques are as comprehensive and
obJective as funds and time would permit. Unfortunately, in documenting
anything as dynamic as the subject-matter at hand, written material is
oftec in errcr or otherwise Jeficient before it cen te published. For
these reasons, the Evalustion Instrument should be ccrtinually updated to
reflect the latest results of on-going research.

Since this has been a developmental effort, recommendaticns in the
usurl sense of the word are not in order. However, several suggestions
with respect t refining the present instrument are appropriate. These
may be found in the section of this report dealing with suggestions for

future regearch,
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GUIDANCE MATZRIAL

Development

Rationale. Adaptation of basic plan factor information to a guidance
material format was proposed for several reasons, First, there was nothing
resembling the proposed effort available in the literature reviewed, That
is, nowhere did there exist a comprehensive yet condensed and readable
listing of the multitude of specific factors which must be considered when
developing a community fallout shelter system.

Second, it was felt that merely listing the characteristics of an
effective shelter system was not enough. Flan fuctor information should
be presented on a concrete level so that decisions could easily be mede
regarding whether or not factors would be provided for. Further, the
format for presenting guidance material should be such that these decisions
had to be made.

Third, the amount, type, ard level of community shelter system
development efforts being carried out in the nation at the time this study
began indicated a real need for system-oriented guidance of the type pro-
posed. And fourth, community shelter systems patterned after the proposed
guidance material should provide adequate fallout protection, and shculd be
amenable to evaluaticn by the instrument under development.

Source of Material, The Evaluation Instrument and the guidance

material were developed on the basis of the same data. During that phase
of the study in which plan factors were being identified in the civil
defens. and related literature, information regarding the factors was
abstracted in considerably greater detail than was necessary fcr use in
the Evaluation Instrument alone. Considerable editing was required to
convert these basic data to plan factor items ©or the tvaluation Instrument.
However, much material not needed for the rvaluation Instrument was uscful
in rrervaring the guidance document.

In treating plan factors in the guidance material, details and
qualifications were wuven into the discuassion of the basic factors in such
a wiy 88 to lend continuity to the presentation of the material, and to

make it specific enough so that individual local civil deferiss planners
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could relate it to their own situations., The ccmmon source of background
material made it possible to develop two research products with considerably
greater scope than would otherwise have been possible.

Format. Development of a format for the guidance material was
based on the following objectives,

1. Discussion of the plan factors had to be readable,

reasonably brief, and meaningful to local civil defense
planners coping with widely varying system conditions,

2. The guidance material'had to be presented in such a

manner that basic decisions regarding a shelter system
for the community would be made automstically if the
instructions for its use were followed,

3. The format must provide for exceptions to community-

level decisions with respect to individual shelters.

To accomplish these objectives, A Workbook For Use by Local Civil
Defense Officials was developed. The guidance material is presented in
& columnar format in the workbook. In the first column from the left, a
brief paragraph is devoted to the discussion of each plan factor in turn.
Organization of this material within the workbook in general parallels
that of the Evaluation Instrument, except where some deviation is needed

to achieve continuity of discussion.

Accompanying the discussion of each plan factor and directly to its
right in the second column of the format is a decision statement which
briefly summarizes the discussion and presents it in the form of a decision.
This column is entitled "Decisions for Community Shelter System," For
example, a plan factor concerning the cross-training of shelter management
personnel is accompanied by the following decision statement: "Members
of each shelter-management staff will be cross-trained so that they can sub-
stitute, if necessary, for people in other departments." The decision
statement is accepted or rejected for the shelter system. When appropriate,
decision statements contain blanks to be filled in by the planners. An
example of this would be & decision statement such as the following:
"Shelter will be provided for (X)  days."

In order to provide for éﬁéeptions to community-level decisions with
respect to individual shelters, a third column is provided. It is labelled
"Modifications for Shelter No. — " DIxceptions to or details of the
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community-level decision as it relates to a apecific shelter are entered in
this column. Blenk space is provided in the column for recording exceptions.
When details specific to each shelter are required, a decision statement
with appropriate blanks is placed in the third column. (Example: Shelter
No. ____ will provide shelter for _(X) days.)

Use

The guidance material workbock was designed specifically for use by
local civil defense planners, It is being submitted to the Office of Civil
Defense in manuscript form. The workbook represents a prorosed approach to
a perceived need for guidance in community shelter system development in an
integrated form under one cover. If the approach is acceptable, it is ex-
pected that OCD will adapt the material to their publication specifications
and make copies available to local civil defense officisls.

Detailed instructions for applying the guidance material in develop-
ing & community shelter system are provided in the workbook. In general, the
guidance material is used in two stages. First, decisions are made on the
plan factors as they pertain to the shelter system as a whole. Then after
appropriate action has been taken, each decision is reviewed in light of
individual shelter requirements. This procedure has the advantage of develop-
ing a shelter system tailor-made to the facilities available or anticipated.
It also serves to double-check the practicality of system-level decisions.

If too many individual shelters must make exceptions to a system decision, it
may indlicate the initial decision was erroneous,

When community planners have read and responded appropriately in
comrleting the workbock, mcst of the decisions basic to the development of a
community fallout shelter system wili have been made, This represents the
first step in the development of an effective shelter system. Subsequent

steps will be concerred with implementing these decisicns.
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SUGGESTIONS FOR FUTURE RESEARCH

The suggestions for future research to be offered here are categor-
1zed as (8) those pertinent to both guidance and evaluation, (b) those
specific to guidance material, snd (2) those specific to the Evaluation
Instruwent. They are discussed in this order below.

Increasing Coverage of Critical Aspects of Shelter Systems
3ince the scone of the present project is broader than that typical

of most sheiter rescarch projects, it is not surprising that available
literature failed to provide the assistance needed in dealing with &ll
critical aspents of developing, maintaining, and operating a community
shelter system. Research efforts to date have for the most part beern con-
cerned with those aspects pertaining to a single shelter during the time
it is in use as & shelter. Such areas as periodic weintenance, planning
for pcst-shelter living, integrated control of a system of shelters, and
coordination with higher eschelon CD organizations have reccived less
research attzntion. As .“e basic orientation of this study was "evaluation
in the light of cucrrent and developing knowledge in civil defense,” it was
possibie to identify plan factors in the above-mentioned areas only to tne
extent that usable information on the subjects was available.

“hile there were some data available on the critical aspects of
what might be termed the "extra-shelter" functions, coverage w&s nut con-
sidered to be entirely adequate. Similarly, there was very little such infor-
maticon availatle to communities as guidance material. This was apparent
in the results of the tryout of the Lvaluation Instrument. Additional
research in identifying the critical aspects cf such areas as post-shelter
pianning, periodic maintenance, coordination, control, etc., is needed to

erhance toth guidance and evaluation.

Integrating Guidance Material

During the ccurse ~f the present study, it became apparent that an
irtegrated presentation of the basic data neceseary tu plar a community
stelter system was needed. Although there is & consi{derable amount of
data available at present wbich i{s of value to persgons trying to levelop

a community shelter system, this information !s scatlcred tiuwcughoyt 8




great number of documents which often disagree on many points. The manu-
seript, A Workbook For Use by Local Civil Defense Officials, prepared

during the present study, represents a proposed approach for bringiug this
information together in an integrated form under one cover,

The guidance document prepared during the present study represents
an initial step in what could be the development of an lgzggrated guide to

community shelter system development. Such a guidance "package" would

present a detailed, step-by-step set of directions for deveioping, maintain-
ing, and operating a community shelter system. Achieving an integrated
guidance "packege" of the magnitude ard comprehensiveness suggested will
entail; (a) refining present data, (b) increasing the coverage of critical
aspects, (c) research on the optimum organization of the guidance material,

ard (d) research on the format for presenting the data.

Znhancing the Evaluation Instrument

Although work on the present project to date did nct reveal any
zaps in coverage of important factors as presented in the evaluation
instrument develnped, continued research mey provide information for
adding to the plan factors or for revising their weiglited valuves. Other
improvements in the instrumeat may be made possible by future research.
These improvements could include the following:

l) determination of a ccutinuum or at least multiple

levels-of -adequacy for each plan factor.
2) development of a means of evaluating the interaction
among plan factors,

3) refinement of a scoring method incorporating the results

~f (a) and (b) above,

4) continuous review of the accuracy of the plan factor data.
The afcrementioned efforts sre discussed in more detail in the following
paregraphs.

Letermining level-of- adequacy standards for the individual plan
factors will te a two-3tage operation, First, the multitude of specific
findings from current and anticipated shelter rescarch must be reviewed
and trunvlated tnte o torm which will fecilitate their use in determining
levels of adequacy. Thls will be necessary primarily because neither the
resgearch efforts nor reports of the findings are oriented towards such a

Sprcific use.
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As the research data are translated into standards, the dichotomous
(present-absent) approach to evaluating plan factor provisions should be
replaced vith a system which permits the quantification of each level of
adequacy at which individual plan factors can be provided for. When
possible, several points on & continuum of possible levels should be
identified for the individusl plen fac’or. This should be done to allow
for flexibility in determining the minimum level of adeguacy, since the
minimum will, to some extent, be dependent on community conditions. As a
supplement, a set of criteria should be developed which will help evaluators
determine the minimum levels of adequacy for each shelter system.

It must be remembered, in conjunction with determining levels of
adequacy, that not ell plan factcr variables are continuous. Many are
dichotomous or st most trichotomous. These factors probably would be
retained in their present form.

A quantitative investigetion of ihe interaction among plan factors
is also needed. Interaction between pai-c or small groups of plan factors
is subjectively apparent when reading th. .st of plan factors. However,

& quantitative estimate of the effects of plan factor interaction is needed
to realize the full potentiel of an evaluation instrument. Of particular
concern, is the effect of interaction on the importance attached to each
plan factor. This will entail developing a means of evaluating plan factor
interactions and then incorporating the results into the total evaluation
schema. Other types of interaction which also must be evaluated include
interaction emong plan factors, community characteristics, and the basic
assumptions upon which development of the shelter system is based,

As information becomes available regarding levels of adequacy and
plan factor interaction, the scoring method for the evaluation instrument
will have to be modified considerably. Integrating level-cf -adequacy and
interaction data on the plan factors into an cverall evaluation schema may
result in a major modification t> item format and possibly to the organization
of the evaluation instrument.

A satisfactory marriage of adequacy and interactinn data or & purely
cbjective basis will probably not be possible for some time tc come.
Inftial scoriug techniques will most likely rely on judgments in much the

same way that the present scoring method does.
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Keeping plan factor date current will be of primary concern regard-
less of other research contemplated, The results of current and future
civil defense research should, of course, be incorporated into the evalu-
ation instrument as they become available. This should prcceed concurrently
with similar efforts on the guidance material. More than & simple updating
process i3 involved, however. Although some new factors will be identified,
most new data will apply to levels of adequacy in providing for plan factors.
When nodifying old data or including new information, the following should
be considered, Minimum requirements or standards should be stated ac such
only when they have been substantiated by research and will stand without
extensive revision for sume time to come. If the data nave not been sub-
stantiated ard are subject to change, they should be identified as such.
This is an important consideration for both evaluetion and guidance material.
Tre credibility of minimum requirements and standards information is right-

fully suspect when they are subject to continual change without ncotice.
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APPENDIX A:

DATA COLLECTION




INTRODUCTION

In this portion of the research report, sample pages of the imstru-
ment used to collect criticality rating data are presented.

The first illustration presents instructipns that preceded both
versions of the plan factor criticality data collection form. Following
this, are the two descriptions of the conditions under which the criticality
of the plan factors was to be rated. The last illustration in this section

represents a sample page of plan factors from the data collection form.
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CRITICALITY RATING FCRM

As part of Project C-98's effort to develop an instrument which
may be used to cvaluate the effectiveness of community shelter systems,
the plan factors which appear on the following pages have been collected
from many sources. Some of the factors are obviously crucial to a
system's meeting its objectives; other factors are less important. In
order to obtain quantitative estimates of the criticality of the factors,
we are askirg a number Of persons to rate the factors with respect to
the consequence of failing to provide for them in planning the shelter
system. On the following pages, spaces are provided for you to write
a number (3, 2, 1, or C) beside each factor, which reflects your estimate
of the factor's importance in meeting the objective of the shelter
system.

A short statement of the system objective, and brief descriptions

of the "criticality levels" ss:tociated with each of the four points on
the scale are given here:

SYSTEM OBJECTIVE

Survival of the grea.est percentage of the population possible,
with the survivors ii condition to commence recovery operations
immediately upon leeving the shelters.

LEVELS OF CRITICALITY

Rating Consequence

3 Failure t) provide adequately for this factor could
result in the shelter system's failing to accomplish
its objective.

2 Failure *> rrovide adequately for this factor cculd
seriously degrace the effectiveness of the shelter
system, but would not result in total system failure.

1 Failure to provide adequately for this fact.r could

moderately degrade the shelter system, but would not
! seriously impair accomplishment of the system objec-
' tive.
[

: 0 Failure to provide adequately for this factor would
‘ probably ke of l:ttle or no consequence for the sys-
l tem's achieving its objective,

[, S e e i e A - - -— —

Figura 1, Instruction sheet frcm Plan Factor Criticality Data
Collection Form
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CONDITIONS OF THE SHELTER 3YSTEM (1)

The importance of many of the plan factors will vary depending
upon such circumstances as population density and proximity tc tar-
gets. To minimize this problem of "contingent criticality," certain
conditions of the shelter system are described below. Read tlese
circumstances carefully and keep them in mind as you rate the impor-
tance of the plan factors.

1.

The shelter system to be evaluated is that of a large
city with a highly concentrated population and an
accompanying industrial complex.

All types of group shelters (50 or more occupants) which
are supported with public funds are included in the city's
shelter system, i.e., single-purpose, dual-purpose, and
multiple-purposc. The dual- and multiple-purpose shelters
include some in which the shelter function is primary and
some in which it is not primary. Small group (fewe:r than
50 persons) and family shelters are not included.

Local civil defense planners do not consider the city itself
a prime target, but it is bracketed by prime targets within
a 50-mile radius so that blast, heat, and heavy concentra-
tions of radiation from fallout can be expected regardless
of weather and wind conditions.

A warning time of 15 minutes between signal and blast is
assumed.

Size of weapon and type of burst are not specified, but
blast and fire damage is expected to range from moderately
heavy to very light across the city depending upon distance
from ground zero and upon the type of structure. Radiation
levels will vary but all may be considered high enough so
that unprotected persons would die of radiation sickness in
a8 very short time,

Radiation levels will be such that no one will be able to
leave the shelter for the first four days following the
attack. Limited recovery operations can be initiated 1k
days after the attack.

e — ¢ —— ——

Figure 2.

Description of Condition 1 from Plan Factor Criticality
Data Collection Form
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CONDITICNS OF THE SHELTER SYSTEM (2)

The importance of many of the plan factors will vary depending
upon such circumstances as population density and proximity to targets.
To minimize this problem of "contingent criticality," certain con-
ditions of the shelter system are described below. Read these circum-
stances carefully and keep them in mind as you rate the importance of
the plan factors.

1.

The shelter system to be evaluated is that of a small town
(porulation below 5,000) with low population concentration
and little or no industrial comnlex.

There are several group shelters {50 or mocre occupants) in
the system. Several of the possible types of shelters are
represented, Possible types are: single-purpose, dual-

purpose (with shelter func*ions either primery or secondary),

and multiple-purpose (with shelter function primery or not
primary). These conditions are prescribed to preclude
simple solutions such as one-shelter communities, or a homo-
geneous shelter system.

The community is definitely not & primes target and is more

than 100 miles distant from anything that might be considered

a prime target. Fowever, prime targets are located with

relation to the community so that radiation levels from fall-

out will be such that radiation protection must be provided
for the pecple of the community. There are no specific re-
quirements for blast or heat protection.

A minimum of 45 minutes is assumed to be available between
the time the warning that the nation is under attack is re-
ceived and the first traces «{ fallcut begin to arrive.

Radiation levels will be such that emergency cperations may
be conducted outside the shelter two days after the attack
and full scale recovery operations can commence 1k days
after the attack,

Figure 3.

Descoiption of Condition 2 from Plan Factor Criticality
Data Collection Form




GENERAL (01)

If permanent and completely adequate shelter
facilities are not yet available for everyone
in the community, have steps been taken to
provide interim shelter facilities?

Has an analysis of such variables as the
proximity of targets, the probable priority
of such targets, and the prevailing winds
been corducted to determine what effects of
a nuclear attack are possible?

Have specific assumptions been mace regard-
ing the type of effects (blast, hrat, radia-
tion) for which protection is to be afforded?

Has the degree of protection which is going
to be provided against the effects of a
nuclear attack been determined?

Have civil defense personnel made estimates
for rhysical casualties caused by atomic,
biological, and chemical attack, based on
local data and information furnished by the
Office of Civil Defense?

Have civil defense personnel made estimates
for psychiatric casualties at the rate of
one such casualty for every four physical
casualties, or less?

Are plans for highway construction and street
improvements to be coordinated with civil
defense planning to enhance access to the
shelters?

Are building codes such thut it is feasible
to include shelter space in new buildings?

——d

Figure &4,

Data Collection Form
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IRTRODUCTION

This section of the report consists of a more detailed presen-
tation of the Aata analysis phese of the study. The essential features
of the anslysis are summarized briefly in the section pertaining to
development of the Evaluation Instrument. A discussion of the results
and implications of the analysis is also provided in that section.

Specific aspects of the deta analysis covered here are: prelim-
inary data processing, (b) the primary analysis phase, and (c) deri-
vetion of item weights. The discussions regarding these efforts deal
with what was accomplished, and, when not obvious, why the approach
was used. Interspersed throughout the discussions are figures illus-

trating the analysis and results,
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PRELIMINARY DATA PROCESSING

The item ratings in each data collection form were tabulated by at
least two project staffl members., Several checks for omitted ratings or
incorrect tallies were made as the raw data were prepared for analvsis.

Raw score ratings were entered in a data organization form where
they were identified by rater, plan factor item, and category. A frequency
distribution matrix of the ratings was also rrepared for each rater., Rat-
ings were arranged ty criticality level (0, 1, 2, and 3) and category. The
frequency distribution matri~cs made 1% possible to compare rating patterns
across rauters ani identify those raters exhibiting a constant rating bias.

Several instances of rater bias towards high or low ratings were
identified. Since the bias appeared to be independent of the ~onditions
under which the ratings were assigned; it was decided to transform the raw
score retings to standard scores. Utilization of standard scores would
cquate for rater bias without degrading the usefulness of the ratings. The
rav score criticality levels (0, 1, 2, and 3) werr converted to standari
scores for each rater, using as a basis for the transformation tre mean and
standard deviation of the rater's frequency distribution.

The mean and standard deviation of any standard score distribution

are, by definition, O and 1, respectively. Howvever, each rater's distribu-
tion of standard score criticality levels was given a mean of 10 to avoid
minus scores for the lower criticality levels.

Throughout the remainder of this repo.t, all references to ratings,

scores, or data will be to their standard score form unless otherwise stated.




DA'TA ANALYSIS

The criticality ratings were organized for computer analysis so
that all rating data pertinent to s single plan factor 1tem could be placed
on one card. A computer progrem already available was modified slightly to
obtain the following information for each factor:

a) mean ratings and standard deviations for each iten

under conditions 1 and 2,

b) a mean and standard deviation for each item based on

the combined ratings under both conditions.

¢) a "t" value for each item from the comparison of the

mean ratings under the two conditions,

Means and standard deviations were also to be obtained for three
anticipated populations of ratings. These were: (a) a population of con-
dition 1 item means for those items found to be rated significantly differ-
ent. under the two conditions; (b) a population of condition 2 item means
for the same items, end (c) a population of combined mean ratings for those
items not rated significantly different.

The rationale for obtaining the above-mentioned data was as follows.
Mean criticality ratings were to Le used as the basis for determining
weights for the items in the Evalustion Instrument. If the mean rating for
an item, under condition 1, was significantly higher than the mean rating
under ccndition 2, the two mean ratings would be kept separate and two sets
of weights would be derived for that item. If the mean ratings were not
significantly different, all ratings would be utilized in computing a com-
bined mean. This value would then be used in deriving & single item weight.
The means and standard devietvions for the three anticipated populations
(conditions 1 and 2 means, and combined means) would be used in the deriva-
tion of three different sets of item weights.

Computation of the means, standard deviations, and the t values wus

accouplished on a Burroughs 220 computer.
A P value of .01 was set as the level of significance at which the

null hypothesis (no difference between ratings under the two conditions)
would be rejected. Since conly those instances in which the mean rating for
condition 1 was greater than that for condition 2 were of interest, the

slgnificant t value for a one-tailed test was used.
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An examinatinn of the t values shcwed none of the items to have been
rated significantly different in the appropriate direction under the two
widely differing conditions. The exceptions to these findings were seven
items where the instructions to the raters made a significant difference
inevitable. As a double check, Fisher's Exact Probability Test was applied
to the raw score rating pattern for each item. Again, the seven items
previously mentioned plus two addiiional items were found to be rated 3ig-
nificantly different st the .0l level. Analysis of the subject matter con-
tent of the two additional items indicated their significance was & chance
occurrence. This was not surprising since at the .01 level, five (5) out
of a total of 493 items could be expected to be significant by ~hance alcne.
The three raw score patterns which would be significant at the .0l level

[

(P value of .005 for & one-tailed test) are shown below in Figure %,

RATINGS
j4p] e . i
E ;ngh ILow !High j Low High | Low
B4 2 | o | 7 2 0 7 2 1 6
= , *
S L 6 i o 15 | 1 116 0

Figure 5. Significant Distributions of Raw Score Ratings
Using the Fisher Exact Probability Test
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DERIVATION OF ITEM WEIGHTS

Since no significant differences were found between mean ratings
for the two conditions, except as noted, combined mean ratings for the
factors could be used to derive a single set of weights for the plan factor
items. A frequency distribution of the combined mean ratings for the 493
items is shown in Figure 6. The limits on the mean rating scale depict the
lowest possible mean standard score (8.0) an item could receive if all
raters assigned the item a raw score rating of O, and the highest possible
‘score (11.5) if all raters assigned the item a raw score rating of 3. Al-
though individual mean ratings are continuous variables, they are grouped
in one-tenth intervals for purposes of preparing the frequency distiibution
and computing item weights.

Before determining the mechanics for deriving item weights, the
following question had to be answered. Should the transformation of mean
ratings to weights be straight-line or curvelinear? A positively accel-
erated curvelinear transformation was chosen for the following reasons:

a) The scale used as a basis for obtaining criticaiity data

on the plan factors (see Figure 1, Appendix A) exhibited
a positively accelerated increase in level of ceriticality
from the low to the high end of the scale.

b) A positively accelerated curvelinear transformation would

result in item weights commensurate with the objectives of
the scoring method.

In summary, the pertinent scoring method objectives were:

--factors judged highly critical should have a weight
reflecting this importance,

--providing for less important factors should not nimer-
ically equate for omitting a highly critical factor
whose absence cou’d lead to system failure, and

--heavy penalties for failing to provide for factors
whose omission could result in system failure.

An approximation of the transformation chosen (X - 8.l)h, where X
represents the mean standard score rating, is illustreted in Figure 7.
Actual score transformation was accomplished utilizing the conversicn table
presented in Table 1. Examination of Table 1 shows that mean ratings below
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Table 1,

Conversion Table Used in Transforming Mean Stand-
ard Score Ratings to Item Weights
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8.5 received a weight of zero. This meant that the presence or absence of

plan factors with a mean criticality rating below 8.5 would have no effect

i
¥

on the operational capability of a shelter system., Six items fitting this
description were deleted from the Evaluation Instrument. The mean ratings
of these six items are identified on the frequency distribution in Figure 6
by the broken line at the lower end of the distribution separating them
from the rest of the scores.

Further examination of Figure 7, particularly with respect to the
higher mean ratings, illustrates the effectiveness cf the transformation in
achieving the desired relationship between ratings and weights.

The decision was made to assign an item weight of 100 to those items
whose absence was judged to result in system failure by at least 92% of the
reters. When coupled with the other aspe ts of the scoring method, such &
decision meant that cmitting a factor so weighted would be indicative of
system failure regardless of pro.isions for other factors in its category.
If 92% of the raters gave an item a raw score rating of 3, the minimum
standard score possible was 11.26. This value, then, served as the lower
limit for mean standard scores which could be assigned a weight of 100.
Since an item weight of 100 was equivalent to denoting system failure if
the factor were not provided for, mean ratings above 11,26 were restricted
to item weights of 100. Mean ratings so weighted are set apart from the
other scores plotted in Figure 6 by the broken line at the upper end of the

frequeney distribution.
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UTILIZATION OF THE EVALUATION INSTRUMENT

A detalled discussion of the intended use of the Evaluation Instru-
ment is presented in this appendix as a supplement to "“e discourse on eval-
uation-instrument developmernt and verification conteined in the main body
of the report. This section deals with (a) the purpose of conducting a com-
munity shelter system evaluation and by whom it should be conducted, (b)
evaluation techniques, (¢) scoring techniques, (d) preparation and interpre-
tation of profiles, (e) critiquing an evaluation, and () updating techniques.

Purpose

As stated earlier in this report, a major goal of this project was to
develop an evaluation instrument which could be used to assess the opera-
tional capability of community fallout shelter systems. This purpose has
been accomplished, The Evaluation Instrument is a fact. Now a more defini-
tive purpose regarding the employment of the Evaluation Instrument is in
order. Brief statements of portions of this definitive purpose have appeared
elsevhere in this report. They will be reviewed and further discussed here.

First, the Evaluation Instrument is to be used as a diagnostic tool.
In this respect, it will be useful in ha2lping fulfill the federal responsi-
bility to know and report the status of civil defense efforts throughout the
nation. Results of evaluations can be used to imprcve shelter systems rather
than merely comparing systems as to their adequacy. All sspects of its Aevel-
opment have been directed to these ends. Plan factors are numerous (487) and
to a considerable degree specific in nature. The scoring method is based on
ubtaining separate scores for each category as opposed to a single numerical
score for the entire shelter system. A profile chart was develujed as a means
of depicting the adequacies or deficiencies of a shelter system by category.
A critique of each evnluation is sugges*ed as a means of presenting the re-
sults in & comprehensive form whi~h will be of value to the local civil
defense planners concerned in correcting any deficiencies detccted.

Second, the Evaluation Instrument is {ntended for uee bty Office of
vivil Defense personnel at the naticnal, regional and state levels. It is
not intended for use by local civil defense officials. Feople involved in
the development of a shelter system for their community cannist be expected

L0 possess the background or tha candir uccoranry to provide a fair and
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impartial evaluation of their own shelter system. In the future, it is
expected that as shelter systems are developed, plans and descriptions will
be submitted to the Office of Civil Defense for evaluation in much the same
manner that shelter facility designs are submitted for evaluation and
approval at the present time.

Evaluation Technique

As a rrelude to the actual evaluation of a shelter system, the fol-
lowing steps should be taken, First, the evaluator should familiarize him-
self with all material pertinent to the system under evaluation. Second,
the material should be classified and organiz¢d to parallel the Evaluation
Instrument, When the second step is no: yosslble, additional time should be
spent on becoming familiar with the organization of the material, including
perhaps placing category labels in the margirs of the documents. Accomplish-
ing these two preliminary steps will greatly facilitate the evaluation and
reduce the possibility of under-evaluating a shelter system by overlooking
infcrmatior pertaining to some of the plan factors.

Item format and its relation to the eveluation technique was dis-
cussed previously in relation to other aspects of Evaluation Instrument
format. The mechanics of shifting verb tenses as necessary within individ-
ual plan factor items is covered in the Instriction Manual. No further
discussion on this point is required.

Determining whether or not & specific “actor has been provided for
can be either a simple or a difficult task. !luch depends on thc way infor-
mation on the system is classified and organized. Also, general rather than
specific descriptions of how individual factors are provided for will affect
tihe stability of an evaluation. That is, if' an evaluator is forced to make
inferenccs as Lo whether or not factors are provided for becausz information
is stated in %0> general terms, he may not always make the same decisions,
Ziven like amounts of infoimation regarding plan factors. The most equitable
solution to this nsooblem i3 consistency. Type and amcunt of informaticn
wilch must be available before a factor can be considered as having been pro-
vided for sthould be detern'red before starting an cvaluatjon., All decisions
segarding presence or abaence of facters should then be basel on these pre-
detcrained guidelines,

An lmportant point to remember when evaluating a sheiter systea is

Ltat decizions regnrding plan facto; items nte trichotomeus (;-esent-
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absent-not applicable) rather than dichotomous (present-absent). Many

plan factors are applicable to all shelter systems regardless of the con-
ditione under which the system functions, but many are not. Several factors
may render a particular item not applicable to the system under evaluation.
Among these are;

a) assumpticns regarding basic system objectives which preclude
the necessity of providing for the factor,

b) documented or obvious conditions such as proximity to targets,
extremely small shelter system in terms of number of shelterees
and shelters, ete., and

c) providing for other factors in such a manner that the factor
under consideration is not appliczable as stated.

With respect tu (a) above, it must be remembered that at least those
portione of the community shelter system developed and financed by the com-
munity are under its jurisdiction. If assumptions are made regarding these
aereas which render plan factors not applicable, then as far as that shelter
is concerned those factors are not applicable, If conditions are such that
the factors should be provided for, this point should be emphasized when
critiquing the evaluation. But in scoring the system, the factors in
question should be marked "not appliceble.”

One additional aspect of the evaluation technique should be empha-

sized. This concerns control items in the Evaluation Instrument. Several

of the categories contain items which determine the response to several or
all items following them in the category when they are responded to nega-
The interrelated nature of control items anéd the items tuey affect

18 such that a negative response to a control item makes only a "negative”

or "not applicable" response possidble for the affe:ted items. For the
purpose of scoring the affected items, a "not applicable” response vas made
mandstory when the relevant control {tem received a negative response.

This wvas done for two reascrns. Firat, the affocted {iems “re in actuality
mo:e specific aspects of the cantrol item and are therefore [n a very real
sense no longer applicalle vhen the control ftem {s ansvered negatively.
Second, there {a no practical value in subtracting the weights of tlrese
subsidiary item:; to do so would, i{n effect, increasc the negative cr.tical-

{ty score beyond the valur origirally assigned dased upen the judged effect
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of the control item.

Other aspects of the evaluation technique, such as the procedure
for marking individual items, are adequately covered in the Instruction
Manual; they merit no additional discussion here.

Scoring Technigue

Detaiied procedures for scoring an evaluation are presented in the
Instruction Manual. This discussion is intended to be expletive in rature
and useful as a supplemen* to the procedures outlined,

As previously explained, there are three response choices for each
plan factor item in the Evaluation Instrument. They are: 'not applicable,”

1 1

'yes," and "no." The symbols used to indicate thes: responses in the
instrument are N/A, Y, and a number representing the item weight. Item
welghts are used as sywbols for a "no" response for two reasons. First,

the negative response is the only one given a numerical value in the scoring
method. Second, it simplifies the format of the Evaluation Instrument and
makes unnecessary a8 further translation of a "no" response to & numerical
value vhen scoring an evaluation, With this format, it is a simple two-

step procedure t:o obtain u converted score for each category. All item

weights in a category which are circled during the evaluation (indi~ating
& negative respcnse) are added %together. This sum is then subtracted from
the maximum score for the categocy to obtain the converted score,

Coincident with the negatively oriented scoring procedure is the
negative nature of the item weights themselves, That is, they are based on
Judgments regarding the effect of the failure to provide (or to provide
acceptably) for plan factors in a shelter system. Alsc, the weights are
subtracted from a maximum pcssible score when the corresponding plan factoers
are not provided for in the shelter syatem being evaluated, Tine rationale
for this negative approach to systq:m evaluntion is based -n the searing
metiiod objeetives previously outlined, Princ’pzlly, it is the most effec-
tive way of high-lighting shelter system deficienctles,

A8 previously mentioned, an arbitrary value of 100 wvas aszaigned to
wwch categ ry as the maximum possibls score a category could achieve., A
category recelvos the maximum score only {f all factors in the ~ategory are
srovided for, or those which are not provided for are not ap, licsble t> the

shelter system being evaiuated., For every applicable plan fastor nut pro-
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vided for in a category, an amount equal to the factor's item weight is snb-
tracted from 100,

Since the sum of all item weights in a category is in most cases
greater than 100, it is quite possible for a category to have a negative
converted score. A zero or negative converted score for a category can
occur when one or more factors judged unanimously as causing system failure
are not provided Por, or in the case of the larger categories when several
moderately critical plan factors are not provided for.

In summary, the scoring technique can be likened to a demerit system
in which each person starts with a given number of credits or merits. Then
& pre-determined number of points are assigned to various negative character-
istics, and demerits of corresponding value are cherged to individuals for
deficiencies such as slovenly cppearance, below average performance, etc.

In such a system, the best record which can be achieved is to end up with

the same number of points originally assigned. Anything less denotes the

detection of deficiencies. So it is with the scoring method developed for
the Evaluation Instrument.

Profile Chart

Upon comnletion of the computational steps in scoring an evaluation,
a converted score should appear on the Computation Sheet of the Evaluation
Instrument booklet for each category. This converted score is plotted on
the profile chart provided in the Evaluation Instrument booklet. An example
of a completed profile chart is shoim in Figure 8,

Because item weights are based upon pooled judgments rather than
upon experimental manipulation of cperational shelter characteristics, no
system failure point has been labelled on the profile chart scale. However,
the item weights, meximum score concept, and profile chart scale, have been
developed and defined in such a vay that a zero or negative converted score
in one or more categories is indicative of system failurc, Since the Evalua-
tion Instrument is a diagnostic tool, primary concern is for vhat caused an
indication of system failure. Categories definient tc the point of system
failure are quite obviously portrayed as such on the profile chart, This
Js the function of the present profile chart. Identification and diecussion
of the causal factors and the suggestion of remedial action ace the function
of the Evaluation Critique,
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Sample Cperational Capability Profile Chart

Tigure 8.




Evaluation Critique

It ie not the purpose of this section to provide a detalled outline
of how an evaluation should be critiqued. The special relationship of the
Office of Civil Defense (OCD) with state and local civil defunsa organiza-
tions demands that this be determined solely by OCD policy. However,
several suggestions are discussed regarding some aspects judged to be
important in such a ceritique as it relates to the evaluation,

The most important point, quite naturally, ias that a critique be
prepared. No score in a diasgnostic evaluation such as this has meaning
unless the details of the shelter system to which the score reiates are
discussed.

Eech category score should be discussed in terms of the plan factors
vhich are absent or inadequately provided for. For the critique to be of
the most value, it is suggested that detailed guidance also be given on
how missing factors can be provided for. If alternative means of provid-
ing for factors are available, they shouvld be listed so that communities
can choose the means most suitable to thelr circumstances.

When a category receives a zero or negative score, one or more highly
critical factors are usually missing, and the remedial action required is
obvious and amenable to discussion, However, interpretation of low positive
scores with respect to system failure is & much more complicated task.

Since certain combinations of absent factors could result in equal sccres
but unequal total effects, inspection of the individual factors involved
should always be accomplished. If a low positive score is the result of
failing to provide for a considerslle number of mcderate and low criticality
factors, suggestions for improving the system may have to be presented in
the form of alternative courses of acticn, particularly when factors which
are low in oriticality but costly to provide for are involved.

Updating Techniqucs

The content of plar factors included in the present Evaluation Instru-
went reflects material in OCD issuances, and in CD research reports available

as of the end of November 1962, Inputs to the factors themselves were curtaileéd

at this time to permit the collection of data on the level of criticality
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of the individual factors. Civil defense research as an on-going effort,
has already produced results which affect the contert of the present plan
factors.

The extent to which the present population of plan factors represents
the total possible number, is not known. However, it is known that coverage
is not complete; particularly in what might be termed the "extra-shelter”
ereas., To further complicete the matter of coverage, no two civil defense
"experts" will agree on all factors which should or should not be included
in an evaluation instrument; seldom will they agree on the importance of a
given factor.

Ta light of the above-mentioned conditions, the revision of item
cortent, and the addition or deletion of whole items must be feasible and
. 2latively easy in order to maintain & current and acceptable instrument.
Three methods of determining item weights for new or substantially revised
items are offered in this section. The weighting techniques described herein
represent interim measures which are appropriate for & limited number of
changes. If large-scale revisions are to be undertaken, efforts should in-
clude the development of a more sophisticated scoring method. Some aspects
pertinent to refining the present scoring method are outlined in the section
of this report dealing with suggestions for future research,

Approach A. The approach outlined here is essentially that used to
derive item weights for the present evalustion instrument, It is racom-
mended as the mest ..liable of the three to be presented. The sequential
steps in implementing the approach are outlined below.

l. Obtain ratings regarding the level of criticality of each

new or substantially revised item from as many judges as
possible who are knowledgeable in the subject-matter areas
represented. The raters should be given instructions similar
to those shown in Figure 1, Appendix A. The !tems need not
be rated under specific conditions as was done in the present
study since it was found that such conditieons do not sig-
nificantly affect the ratings.

2. Compute standard score equivaleuts for each rater for the

four levels of ~riticality (0, 1, 2, and 3).
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3. Sum the standard score retings across raters for =2ach item.

Calculate a mean stendard score rating for each item. Round
these mean ratings to the nearest tenth (examples: 8.}, 9.1,
10.6, ete.:

L. Calculate & conversion teble similar to the one shown in
Table 2., Appendix B, using the transformation (x-x)h; X
represents the mean standard score rating and K is a constant.
The value of the constant should equal the mean standard score
rating obtained if all raters assigned an item a raw score
rating of O.

5. Enter the conversion table with the valve of the meau stand-
ard score rating for the item, and read off the correspmding
item weight. Usipg the transformstion suggested in step L,
an item which receives a majority of raw score ratings of O
will have an item weight of 0. This signifies that the item
is judged to have no effect cn the operational capability
of & system. It should not, therefore, be included in the
evaluation instrument. )

Approach B. The approach outlined here is & short-cut method for
obtaining item weights similar to Approach A. Its use, however, aemands
acceptance of the assumption that, statistically speaking, the raters to be
used to assess the criticality of new items are from the same rater popu-
lation as those used :n judging item criticality for the present evaluation
instrument. Accepting this assumotion makes unnecessary the (a) computation
of a new set of standard scores for each rater, and (b) development of a new
conversion table. The steps to be taken in implementing Approach B are as
follows.

1. Obtein raw score ratings of item criticality as described

in Approach A.
2. Substitute the standard score equivalents given below for

each rater's raw scor. vatings.

Rav_Score Levels Standard Score Ejuivalents
0 8.0
1 9.2
2 10.b
3 11.5




3. Sum standard sccre equivalents across raters for each item,
Compute & mean standard score rating for each item. Round the
mean standard score ratings to the nearest tenth.

I, Enter the conversion table shown in Table 1, Appendix B, with
the mean standard score rating, and read off the corresponding
item weight.

Approach C., If the two preceding aspproaches are not practicable,

& third method may be used. However, it is the least desirable of the three
from the standpoint of reliability of results. The steps for this approach
are outlined below,

1. Compare each new item with other plan factor items of the
same subject-matter background.

2. If a comparable item (in terms of judgec importance) can be
found in the existing instrument, assign the new item the
same weight.

3. If a comparable item can not be found, pick out two iteus;
one which appears to be slightly more important tnan the
item under consideration, and the other slightly less im-
portant. Assign the new item a weight mid-way between
the weights of the two comparison ltems.

General Comments. Minor changes in item content should not affect
item criticality. An example of such a change would be the reduction in
the protection factor minimum acceptable in the federal marking and stocking
program from 100 to 40. However, when standards or plan factors are altered
substantially, the affected factors should be re-evaluated in terms of their
relative importance to shelter system operation. It shculd also be re-
emphasized that the above-mentioned approaches to obtaining weights for new
items to be added to the present evaluation instrument are acceptable when
small numbers of items are involved, Wholesale changes in the content of
the instrument should be accompanied by repeating the total weighting
procedures used in the present study; such an effort could also include

refining the present scoring method.
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